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Progress  Report: 

During  this  year  we  completed  the  development  of  a  variable  (very  high)  resolution  global 
model.  This  was  the  Ph.D.  dissertation  of  Dr.  V.  Hardiker;  the  dissertation  abstract  follows. 


A  conformal  transformation  suggested  by  F.Schimdt  is  followed  to  implement  a  global 
spectral  model  with  variable  horizontal  resolution.  A  conformal  mapping  is  defined  between  the 
real  physical  sphere  (Earth)  to  a  transformed  (Computational)  sphere.  The  model  equations  are 
discretized  on  the  computational  sphere  and  the  conventional  spectral  technique  is  applied  to 
solve  the  model  equations. 

There  are  two  types  of  transformations  used  in  the  present  study,  namely,  the  Stretching 
transformation  and  the  Rotation  of  the  horizontal  grid  points.  Application  of  the  stretching 
transformation  results  in  finer  resolution  along  the  meridional  direction.  The  stretching  is 
controlled  by  a  parameter  C  as  follows  : 

a) .  IF  C  >  1.0  :  Contraction  of  latitudes  in  the  northern  hemisphere  and  dilation  in  the 

■  ■  ■  southern  hemisphere. 

b) .  IF  C  <  1.0  :  Contraction  of  latitudes  in  the  southern  hemisphere  and  dilation  in 

the  northern  hemisphere. 

c) .  IF  C  =  1.0  :  Identity  transformation. 

The  rotation  transformation  can  be  used  to  relocate  the  North  Pole  of  the  model  to  any 
point  on  the  geographic  sphere.  The  idea  is  now  to  rotate  the  pole  to  the  area  of  interest  and 
refine  the  resolution  around  the  new  pole  by  applying  the  stretching  transformation.  The 
stretching  transformation  can  be  applied  alone  without  the  rotation. 

A  T-42  Spectral  Shallow-Water  model  is  transformed  by  applying  the  stretching 
transformation  alone  as  well  as  the  two  transformations  together.  A  T-42  conventional  Spectral 
ShaUow-Water  model  is  run  as  the  control  experiment  and  a  conventional  T-85  Spectral  Shallow- 
Water  model  run  is  treated  as  the  benchmark  (Truth)  solution.  RMS  error  analysis  for  the 
geopotential  field  as  well  as  the  wind  field  is  performed  to  evaluate  the  forecast  made  by  the 
transformed  model.  It  is  observed  that  the  RMS  error  of  the  transformed  model  is  lower  than  that 
of  the  control  run  in  a  latitude  band,  for  the  case  of  stretching  transformation  alone,  while  for  the 
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total  transformation  (rotation  followed  by  stretching),  similar  results  are  obtained  for  a 
rectangular  longitude-latitude  domain. 

A  multi-level  global  spectral  model  is  designed  from  the  current  FSU  global  spectral 
model  in  order  to  implement  the  conformal  transformation.  The  transformed  T-85  model  is  used 
to  study  Hurricane  Andrew.  The  control  experiment  in  this  study  is  a  conventional  T-170  spectral 
model.  The  performance  of  transformed  model  is  clearly  seen  to  be  improved  in  describing  the 
structure,  intensity  and  motion  of  Hurricane  Andrew,  over  the  conventional  FSU  global  spectral 
model. 

Dr.  Hardiker  has  completed  his  Ph.D.  and  is  currently  working  at  NRL  in  Monterey  as  a 
UCAR  fellow.  He  is  currently  developing  a  high  resolution  version  of  the  NOGAPS  model.  This 
has  been  a  very  fruitful  collaboration  with  the  Navy.  At  the  Florida  State  University,  we  are 
continuing  this  work  towards  the  analysis  of  the  recurvature  dynamics  of  hurricanes. 

The  second  major  area  of  activity  is  in  physical  initialization.  In  this  overview  we  present 
a  summary  of  results  on  the  impact  of  physical  initialization  on  various  aspects  of  numerical 
weather  prediction.  These  include  the  improvements  in  nowcasting  and  short  range  forecasting 
skm,  the  organization  of  meso-convective  precipitating  elements  as  typhoons  form;  calibration  of 
surface  fluxes  using  the  TOGA  -  COARE  data  sets  during  the  intensive  observation  period  from 
its  intensive  flux  array;  the  improvements  in  the  hydrological  budgets  during  flooding  events;  the 
spread  reduction  for  an  ensemble  of  hurricane  track  forecasts  and  in  an  overall  improvement  of 
cloud  forecasts.  Here  we  emphasize  the  need  for  a  direct  incorporation  of  the  process  within 
four-dimensional  variational  analysis  procedures.  The  study  also  includes  some  recent  results  on 
physical  initialization  from  the  use  of  a  very  high  resolution  global  model.  Fundamentally  this 
procedure  improves  the  model-based  initial  rainfall,  surface  fluxes  and  diagnostic  cloud  amount. 
Physical  initialization  is  a  useful  procedure  for  the  nowcasting  of  rainfall.  Correlation  between 
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model-based  initialized  rain  and  satellite/  raingauge-based  rain  over  the  tropics  (for  6  hour 
averages  and  averaged  over  transform  grid  squares)  is  of  the  order  0.85.  This  compares  with  a 
correlation  of  around  0.3  for  models  which  do  not  include  physical  initialization.  The  day  one 


tropical  rainfall  forecast  skill  is  also  relatively  high  for  the  physically  initialized  experiments;  the 
correlation  is  of  the  order  0.55.  It  should  be  noted  that  the  lifetime  of  meso-convective  systems  is 
approximately  one  day  whereas  more  organized  tropical  disturbances  may  last  substantially 
longer.  A  major  portion  of  the  tropical  rainfall  is  associated  with  these  short-lived  systems,  hence 
the  skill  beyond  one  day  degrades  somewhat.  However,  the  model  does  seem  to  capture  the  one 
day  passage  of  meso-convective  systems  and  their  coupling  to  the  large-scale,  synoptic 
environment  The  meso-convective  systems  illustrated  exhibit  a  robust  vertical  structure  of 
divergence,  heating  and  vertical  motion  which  is  absent  without  physical  initialization. 

The  organization  of  meso-convective  systems  (advected  by  the  large-scale  circulations  and 
coalescence  of  the  mesoscale  elements)  appears  to  play  an  important  role  in  the  formation  of 
tropical  storms.  The  vorticity  associated  with  these  mesoscale  elements,  however,  does  not 
exhibit  any  interesting  organization  during  the  forecast  as  the  storms  form.  The  Florida  State 
University  atmospheric  global  circulation  model  at  the  resolution  T213  discerns  the  tight  central 
circulation  features  and  the  outer  rain  bands  of  Hurricane  Andrew  (1992)  which  appear  similar  to 
the  radar  imagery;  however,  the  storm  as  seen  from  the  model  is  not  on  the  exact  scale  as  that  of 
the  radar.  Further  enhancement  of  resolution  is  needed  to  model  tropical  storms  on  a  more 
realistic  scale  which  is  well  known  in  the  modeling  community.  Overall  the  results  demonstrate 
that  meso-convective  elements  are  in  fact  simulated  by  very  high  resolution  global  models.  It 
appears  that  very  high  resolution  models  with  an  augmented  analysis  using  satellite  data  may  soon 
aid  in  resolving  the  formation  issue  associated  with  tropical  cyclones  and  cyclogenesis. 

Mr.  Greg  Rohaly  was  a  principle  co-author  of  mine  in  the  above  study.  He  has  recently 
joined  the  permanent  staff  of  NRL  at  Monterey.  Mr.  Rohaly  is  currently  implementing  a  complete 
physical  initialization  algorithm  for  the  NCKIAPS  model. 


During  this  year  we  held  a  major  workshop  on  application  of  satellite  data  towards 

numerical  weather  prediction  that  was  attended  by  Drs.  Steve  Payne,  Andy  Van  Thuyl  and  Scott 

Sandgathe  from  NRL  and  ONR.  The  description  of  this  conference  is  enclosed. 

Publications  of  this  year  related  to  this  project  are  listed  as  follows: 

1995:  (with  L.  Bounoua).  An  introduction  to  numerical  weather  prediction  techniques.  CRC 
Press  1-430.  (In  press)  Text  book. 

1995:  (with  H.S.  Bedi).  An  overview  of  physical  initialization.  J.  Met.  Atmos.  Physics.  (In 
press). 

1995:  (with  H.S.  Lee).  Impact  of  physical  initialization  on  cloud  forecasts.  (To  appear  in 
Meteor.  Atmos.  Phys.) 

1995:  (with  S.K.  Roy  Bhowmik,  Darlene  Oosterhof,  Gregg  Rohaly  and  Naomi  Surgi). 
Mesoscale  Signatures  within  the  Tropics  Generated  by  Physical  Initialization.  (To  appear 
in  the  Monthly  Weather  Review). 

1995:  (with  H.S.  Bedi ,  G.D.  Rohaly ,  D.K.  Oosterhof,  R.C.  Torres ,  E.  Williford  and  N.  Surgi). 
Physical  Initialization.  J.  Atmospheric  Oceans  (In  press). 

1994:  (with  D.  Oosterhof  and  D.  Sukawat).  Numerical  prediction  of  a  Bangladesh  Tropical 
Cyclone.  Taiwan  Journal  of  Atmosphere  and  Oceans.  5, 245-276. 
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